Objective To investigate the relationship between grip and pinch strength and independence in activities of daily living (ADL) in stroke patients. Methods Medical records of 577 stroke patients from January 2010 to February 2013 were retrospectively reviewed. Patients' grip and pinch strength of both hemiplegic and non-hemiplegic hands and the Korean version of Modified Barthel Index (K-MBI) score were collected. These patients were divided into three groups: group A (onset duration: ≤3 months), group B (onset duration: >3 months and <2 years), and group C (onset duration: ≥2 years). The correlation between grip and pinch strength and the K-MBI score was analyzed. Results In group A (95 patients), the K-MBI score was significantly (p<0.05) correlated with the grip and pinch strength of both hands in patients with right hemiplegia. Significant (p<0.05) correlation between the K-MBI score and the grip and pinch strength of the hemiplegic hand was shown in patients with left hemiplegia. In group B (69 patients) and group C (73 patients), the K-MBI score was significantly (p<0.05) correlated with the grip and pinch strength of the hemiplegic hand. Conclusion Stroke patients in subacute stage mainly performed activities of daily living using their dominant hand. However, independence in ADL was associated with the strength of the affected dominant hand. For stroke patients in chronic and late chronic stages, their hand power of the affected hand was associated with independence in ADL regardless whether the dominant hand was affected.
INTRODUCTION
The most recent treatment strategy for stroke patients is based on the neurophysiologic mechanism including brain plasticity for post-stroke recovery [1, 2] . Accordingly, rehabilitation specialists can have two options. The first is a restorative approach to recover the affected hand functions. The second option is a compensatory approach to replace the functions of affected hand. Select-www.e-arm.org ing which option is still on debate [3] .
The 'constraint-induced therapy' of unaffected side upper extremities is a representatively suggested method of the restorative approach whose effects have been well recognized [4, 5] . Nevertheless, this method can be used only for patients who still have some muscle strengths in their affected upper extremities, thus limiting indicated patient groups. Necessity of bilateral training for not only the affected upper extremities but also the unaffected side has been suggested [1] . What is important in selecting these treatment methods is the possible difference between the dominant hand and the nondominant hand [6] . In many stroke patients with affected nondominant hemisphere, their nondominant hand is paralyzed. However, their dominant hand can be used for activities of daily living (ADL) and their will for treating their nondominant hand is often weaker than patients whose dominant hand is paralyzed. For patients whose dominant hand is paralyzed, treatments for nondominant hand for minute ADL such as hand writing and using chopsticks are always insufficient. Accordingly, they are usually highly motivated to have dominant hand rehabilitation such as unaffected-side upper extremities constraint-induced therapy regardless of their paralysis level. Such motivation often continues up to the chronic stage. The preference to the dominant hand rather than to the nondominant hand has been reported in previous studies [7] . The differences in needs for hand rehabilitation between dominant hand and nondominant hand in hemiplegic stroke patients will afftect the selection of treatment approach. Various methods of hand rehabilitation have been suggested for patients with paralyzed dominant hand.
The goal of rehabilitation is to enhance ADL performance so that patients can eventually carry out ADL independently. Various tools have been used for evaluating the status of stroke patients and the achievement of treatment goals. Barthel Index (BI) and Functional Independence Measure (FIM) are representative assessment tools for ADL. BI was revised as Modified Barthel Index (MBI) to be more conveniently and effectively used all over the world [8, 9] . In Korea, the Korean version of Modified Barthel Index (K-MBI) has been developed [10] . Various tools for assessing the upper extremities that play important roles in ADL have also been developed. Loss of upper extremity functions is determined based on the levels of paresis, loss of fractionated movements, abnormal muscle tone, and somatosensation impairments. The level of paresis contributes to the upper extremity function loss by 88% 3 weeks after stroke, and 73% 6 months after stroke. The grip strength and pinch strength are useful for determining the paralysis level [3, 11] . Their reliability and validity as indicators have been verified in previous studies [12] [13] [14] . The association of the functional assessment or self-reporting questionnaire with ADL performance and the usefulness of the grip and pinch strengths for making early prognoses have been verified [15, 16] . However, few objective studies on the association of the grip or pinch strength with ADL performance after stroke based on stage have been conducted.
In this study, the correlation between the grip and pinch strengths of the paralyzed hand and ADL performance was investigated. The grip strength that could be easily measured and quantitized compared to other complex assessment methods and the tendency of the pinch strength during the subacute to the late chronic stages were investigated to compare them with the ADL performances. As a result, objective data of hand rehabilitation treatments in stroke patients were obtained.
MATERIALS AND METHODS

Subjects
Medical records of 577 hemiplegic patients who were admitted or visited the rehabilitation department of Chung-ang University Hospital between January 1, 2010 and December 31, 2013 were reviewed. The exclusion criteria were as follows: recurrent stroke; quadriplegia or double hemiplegia; accompaniment of neurologic diseases such as the Parkinson disease; and right dominant hemisphere (left dominant hand). To exclude the effects of cognitive functions that could affect measurement results, ischemic and hemorrhagic stroke patients who had 20 or higher score of Korean version of Mini Mental Status Examination (MMSE-K) and those could do two-step obey command were selected for this study.
Data collection
Demographic data such as age, gender, ADL performance, and grip and pinch strengths were collected. The subjects were assigned to subacute stage (within 3 months), chronic stage (3 months to 2 years), and late www.e-arm.org chronic stage (more than 2 years) groups which were named as group A, group B, and group C, respectively [17] . Four occupational therapists collected ADL performance data using K-MBI. The total score of 10 items and the total scores of 5 items that reflected hand functions for hygiene, bathing, feeding, toileting, and dressing were collected separately. On the day of assessing ADL performance, grip strength and three pinch strengths including lateral pinch (key pinch) strength, palmar pinch (threejaw chuck pinch) strength, and tip pinch (two-point pinch) strength were measured using an electronic grip and pinch strengths measurer [18] . For measurements of the grip and pinch strengths, E-LINK Hand Kit H400 including G100 dynamometer and P100 pinchmeter (Biometrics Ltd., Gwent, UK) was used. This retrospective study was based on the medical records of patients who were admitted to Chung-Ang University Hospital. An approval from Institutional Review Board was obtained prior to collecting data.
Statistical analyses
Windows PASW 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Student t-test and chi-square test were used for determining the difference in age, MMSE-K score, gender distribution, and stroke type by stage. Pearson correlation coefficient (r) was calculated to determine the relationship between the grip and pinch strength and the K-MBI score. Association of grip and pinch strengths with K-MBI score in group A (Table 2) Statistically significant positive correlations were observed among grip strength, three types of pinch strength, K-MBI total score, and all the subitems measured in the affected dominant hand of the right hemiplegic patient group. Particularly, a strong positive correlation (r=0.716, p<0.001) was observed between grip strength and dressing. Statistically significant positive correlations were also observed among grip strength of the unaffected nondominant hand of the right hemiplegic patient group, K-MBI total score, and all the subitems (K-MBI total score: r=0.510, p<0.001; hygiene: r=0.496, p<0.001; bathing: r=0.485, p<0.001; feeding: r=0.327, p=0.02; toileting: r=0.511, p<0.001; dressing: r=0.331, p=0.01). Of the three pinch strengths of the unaffected nondominant hand in the right hemiplegic patient group, lateral pinch strength showed significantly positive correlations with the K-MBI total score (r=0.318, p=0.02), hygiene (r=0.291, p=0.03), bathing (r=0.370, p=0.005), and toileting (r=0.359, p=0.007). Palmar pinch strength showed significant correlation with the K-MBI total score (r=0.363, p=0.006), hygiene (r=0.345, p=0.01), bathing (r=0.359, p=0.007), and toileting (r=0.356, p=0.008). Tip pinch strength also showed positive correlation with the K-MBI total score (r=0.285, p=0.04) and toileting (r=0.282, p=0.04).
RESULTS
Demographic data and their distribution (
The grip strength of the affected nondominant hand in the left hemiplegic patient group showed significantly positive correlations with the K-MBI total score (r=0.484, p=0.002), hygiene (r=0.502, p=0.001), bathing (r=0.593, p<0.001), feeding (r=0.320, p=0.04), and dressing (r=0.635, p<0.001). The lateral pinch strength of the affected nondominant hand in the left hemiplegic patient group showed significantly positive correlations with the K-MBI total score (r=0.347, p=0.03), hygiene (r=0.401, p=0.01), bathing (r=0.495, p=0.001), and dressing (r=0.468, p=0.002). Palmar pinch strength had significantly positive correlations with hygiene (r=0.472, p=0.002), bathing (r=0.400, p=0.01), and dress- www.e-arm.org ing (r=0.391, p=0.01). The pinch strength had significant correlation with the K-MBI total score (r=0.401, p=0.01), hygiene (r=0.570, p<0.001), bathing (r=0.592, p<0.001), and dressing (r=0.520, p<0.001) items. However, the grip strength of the unaffected dominant hand in the left hemiplegic patient group or the three types of pinch strength did not show statistically significant (p>0.05) correlations with the K-MBI total score or its subitems.
In summary, in group A, the grip strength and the three types of pinch strength of the affected dominant hand in the right hemiplegic patients showed statistically significant positive correlations with the K-MBI total score and all other subitems. The grip strength and three types of the pinch strength of unaffected nondominant hand of the right hemiplegic patients and the affected nondominant hand of the left hemiplegic patients showed statistically significant positive correlations with the K-MBI total score and other subitems in overall. However, no statistically significant positive correlation was observed between the grip strength or the three types of pinch strength of the unaffected dominant hand in the left hemiplegic patients and the K-MBI total score or its subitems.
Association of grip and pinch strengths with K-MBI score in group B (Table 3) The grip strength of the affected dominant hand in the right hemiplegic patient group showed statistically significant positive correlations with the K-MBI total score (r=0.394, p=0.009), bathing (r=0.309, p=0.04), toileting (r=0.325, p=0.03), and dressing (r=0.443, p=0.003). Of the three types of pinch strength of the affected dominant hand in the right hemiplegic patient group, only the lateral pinch strength and dressing items showed statistically significant positive correlation (r=0.325, p=0.03). The grip strength and the three types of pinch strength of the unaffected nondominant hand in the right hemiplegic patient group showed statistically significant positive correlation with bathing (grip strength: r=0.434, p=0.004; lateral pinch strength: r=0.324, p=0.03; palmar pinch strength: r=0.326, p=0.03; tip pinch strength: r=0.334, p=0.03).
The grip strength of the affected nondominant hand in the left hemiplegic patient group showed statistically significant positive correlations with the K-MBI total score (r=0.416, p=0.04), toileting (r=0.556, p=0.003), and dressing (r=0.490, p=0.01). The three types of pinch strength of the affected nondominant hand in the hemiplegic patient In summary, in group B, the grip strength and the three types of pinch strength of the affected dominant hand in the right hemiplegic patient group showed statistically significant positive correlations with part of the items. The grip strength and the three types of pinch strength of the left hemiplegic patient group's affected nondominant hand showed statistically significant positive correlations with all items except the hygiene and bathing items. The grip strength and the three types of the pinch strength of the left hemiplegic patient group's unaffected dominant hand showed statistically significant positive correlations with some of the items.
Association of grip and pinch strengths with the K-MBI score in group C (Table 4) The grip strength of the right hemiplegic patient group's affected dominant hand showed a statistically significant positive correlation with dressing (r=0.406, p=0.02). Of the three types of pinch strength, the lateral pinch strength showed statistically significant positive correlations with the K-MBI total score (r=0.527, p=0.001), bathing (r=0.424, p=0.01), toileting (r=0.373, p=0.03), and dressing (r=0.552, p=0.001). The palmar pinch strength had significantly positive correlation with the K-MBI total score (r=0.482, p=0.003), bathing (r=0.387, p=0.02), toileting (r=0.391, p=0.02), and dressing (r=0.511, p=0.002). The tip pinch strength had positive correlation with the K-MBI total score (r=0.434, p=0.009), bathing (r=0.362, p=0.03), and dressing (r=0.492, p=0.003). Of the three types of pinch strength, the lateral pinch strength (r=0.340, p<0.05) and palmar pinch strength (r=0.335, www.e-arm.org p<0.05) of the right hemiplegic patient group's unaffected nondominant hand showed statistically significant positive correlation with toileting.
The grip strength of the left hemiplegic patient group's affected nondominant hand showed statistically significant positive correlations with the K-MBI total score (r=0.458, p=0.004), hygiene (r=0.375, p=0.02), feeding (r=0.368, p=0.02), and dressing (r=0.386, p=0.02). Of the three types of pinch strength, the lateral pinch strength showed statistically significant positive correlation with the K-MBI total score (r=0.400, p=0.01), hygiene (r=0.443, p=0.005), bathing (r=0.337, p=0.04), and dressing (r=0.345, p=0.03). The tip pinch strength had positive correlation with the K-MBI total score (r=0.454, p=0.004), hygiene (r=0.426, p=0.008), bathing (r=0.331, p=0.04), and dressing (r=0.404, p=0.01). Of the three types of pinch strength of the left hemiplegic patient group's unaffected dominant hand, the lateral pinch strength showed statistically significant positive correlation with feeding (r=0.328, p=0.04). The palmar pinch strength and tip pinch strength had positive correlation with bathing (palmar pinch strength: r=0.411, p=0.01; tip pinch strength: r=0.331, p<0.05).
In summary, in group C, the grip strength and the three types of the pinch strength of the right hemiplegic patient group's affected dominant hand showed statistically significant positive correlations with all items except hygiene and feeding. The grip strength and the three types of pinch strength of the right hemiplegic patient group's unaffected nondominant hand showed statistically significant positive correlations with some of the toileting items. The grip strength and the three types of pinch strength of the left hemiplegic patient group's affected nondominant hand showed statistically significant positive correlations with all items. The grip strength and the three types of pinch strength in the left hemiplegic patient group's unaffected dominant hand showed statistically significant positive correlations with some of the items.
DISCUSSION
According to this study, a significant correlation between the grip and pinch strengths and the K-MBI score was observed in both hands of the right hemiplegic patients at subacute stage and in the affected hand of the left hemiplegic patients. In addition, the grip and pinch strengths of the affected side showed more correlations with the K-MBI score with the progression from the subacute to late chronic stage than with other items.
Representative hypotheses of the neurophysiologic mechanism on the post-stroke recovery include 1) ipsilateral motor pathway that connects the unaffected cerebral hemisphere with the affected extremities, 2) peri-lesional reorganization, 3) the recovery of the lateral corticospinal tract, and 4) the contribution of the other motor areas. Of these hypotheses, studies on the ipsilateral motor pathway have been actively conducted [2] . The most well accepted activation mechanism of the ipsilateral motor pathway is 'disinhibition hypothesis.' In normal cases, both cerebral hemispheres maintain a balance of transcallosal inhibition through the corpus callosum. However, when stroke develops, the interhemispheric transcallosal inhibition from the affected hemisphere to the unaffected hemisphere decreases. Therefore, the unaffected hemisphere starts to function from the origin of the ipsilateral motor pathway. The following three ipsilateral motor pathways have been suggested: the uncrossed anterior corticospinal tract; the cortico-reticulospinal or cortico-vestibulospinal tract; and a new pathway. In a recent study, activities of the contralesional motor cortex were confirmed to be important for stroke patients within one month [19] . This period is critical for adjusting the contralesional motor cortical activities. However, this critical period has not been well known. Patients who recovered due to activation of the ipsilateral motor pathway from the contralesional motor cortex show less recovery than patients whose contralateral motor cortex is activated showing dominant mirror movements [19] . It is important to inhibit the ipsilateral motor cortical activities and promote contralateral motor cortical activities at that time. Intense complex works that require a long period or repetitive transcranial magnetic stimulations to promote ipsilateral motor cortical activities and repetitive transcranial magnetic stimulations or specific type of works have been reported to inhibit ipsilateral motor cortex.
Studies supporting 'bilateral training' [6] are based on the following mechanisms [1] . The first mechanism is corticospinal activation. The second mechanism is activation of the affected contralateral hemisphere. Stroke patients have increased activity level of the affected contralateral hemisphere. Their activity amplitude level is www.e-arm.org further increased when complex works are performed. Accordingly, the affected contralateral hemisphere is involved in the control of post-stroke movements. Another mechanism is normalization of the inhibiting mechanism in the 'disinhibition hypothesis' .
When patients whose corticospinal tract is preserved in response to motor evoked potential test, the unaffectedside upper extremities constraint-induced therapy is conducted. When patients do not respond to motor evoked potential test but their posterior limb of internal capsule is anatomically and symmetrically well preserved, a method to induce the cortical excitability of the affected hemisphere is used, followed by a unilateral therapy. In patients whose corticospinal tract is not fully preserved in brain MRI or transcranial magnetic stimulation, method to induce the overall cortical excitability must be used. Intense treatments (bilateral training with rhythmic auditory feedback or electrical stimulation) are suggested for the affected or contralateral hemisphere [20] . In this study, these suggestions could not be applied to subjects due to the lack of information on the locations of lesions or on the preservation of the anatomical structure. However, the subacute stage patient group showed differences according to the affected side, confirming that separate strategies are required in the rehabilitation treatments of subacute stage stroke patients according to the affected dominant hand.
Hand muscle strength and functions that are preserved in hemiplegic stroke patients is often called 'unaffected side' or unaffected. The strength and quickness of the 'unaffected side' hand is known to be slightly deteriorated. Accordingly, it may be better to express it as 'slightly affected side' or 'relatively unaffected side.' In a previous study on the correlation of the grip and pinch strengths with MBI through follow-up of a mean of 36.5 and 64.1 days after onset targeting the 'relatively unaffected side' hands of 20 right cerebral lesion patients who had dominant right hand and affected nondominant hand, the total score of the bathing item has been suggested to increase with recovery of the lateral pinch strength [21] . However, no correlation with bathing items was confirmed in this study. Instead, the grip and lateral pinch strengths of the right hemisphere lesion patient group's dominant hand and the dressing items showed consistently positive correlations in groups A, B, and C. In particular, group A showed a strong positive correlation. The grip strength of the left hemisphere lesion patient group's affected nondominant hand showed consistently positive correlations with the K-MBI total score and dressing items. The lateral pinch and tip pinch strengths also showed consistently positive correlations with the K-MBI total score and dressing items. The grip and pinch strengths of the unaffected hand did not show consistent correlations with the K-MBI score. The dressing items often showed correlations with the grip and pinch strengths. This may be due to the fact that dressing requires both hands, which is different from other activities that could be carried out with one hand.
Right hemisphere lesion patients with unilateral hemisphere lesion prefer to use the dominant hand or the right hand four times more than to use the nondominant hand or the left hand. Left hemisphere lesion patients prefer to use the nondominant hand or the left hand two times more than to use the dominant hand or the right hand. They clearly prefer to use both hands compared to right hemisphere lesion patients [7] . In a following study, both right-and left-hemisphere lesion patient groups showed enhanced instrumental activities of daily livings (IADLs) performances with the increase in using both hands. When ADL were performed with one hand, no difference in ADL performance was observed in right hemisphere lesion patients with unaffected right hand. However, left hemisphere lesion patients with affected dominant hand showed poor ADL performance [22] . In Group A, the right hemisphere lesion patients with affected dominant hand showed significant positive correlations with all items. Strong positive correlations were observed between grip strength and some of the dressing items. The grip and pinch strengths of the unaffected nondominant hand were correlated to K-MBI score overall. This is different from left hemisphere lesion patients whose grip and pinch strengths of the affected nondominant hand showed correlations with the K-MBI score in overall, but their grip and pinch strengths of the unaffected dominant hand did not show correlations with the K-MBI score at all. In summary, in the cases of affected dominant left hemisphere with the affected dominant hand, both hands are used for full-scale ADL. In particular, the preservation of the affected dominant hand muscle strength was associated with ADL performance. In the case of left hemiplegic patients with the right hemisphere lesion as nondominant hemisphere with affected non-www.e-arm.org dominant hand, post-stroke ADL was performed using the dominant hand that was used for pre-stroke ADL. Preservation of muscle strength of the affected nondominant hand and participation in ADL may determine the performance.
In a Korean retrospective study on changes in MBI score according to changes in hand functions measured through the Jebsen Hand Function Test targeting 31 dominant hemisphere lesion patients and 13 nondominant hemisphere lesion patients [23] , both dominant and nondominant hemisphere lesion patient groups' unaffected hand functions showed significant correlations with the K-MBI score at the 7th week of onset. At 6th months, the dominant hemisphere lesion patient group showed a significant correlation in the affected side or the dominant hand. The nondominant hemisphere lesion patient group showed a significant correlation in the unaffected side or the dominant hand. Accordingly, the unaffected hand functions were important for ADL in early stage. However, eventually the dominant hand functions were confirmed to be important in that study. In this study, hand function assessment tools were not investigated. Therefore, direct comparison between the two studies is impossible. However, in subacute stage right hemiplegic patients, bilateral hand grip and pinch strengths of the affected hand were found to be associated with the K-MBI score. In subacute left hemiphlegic patients, affected hand grip and pinch strengths were found to be associated with the K-MBI score. In late chronic stage patients, K-MBI score was affected by the affected side grip and pinch strengths regardless of the affected dominant hand, which is different from results of previous studies.
In a previous study targeting chronic stage patients after stroke on measuring the damage and functional levels using arm strength, grip strength, pain, tone, and sensation to confirm the effects of the dominant hemisphere, grip strength mainly affected the damage level and functional recoveries [24] . The affected dominant hemisphere did not affect the functional levels measured through Chedoke Arm and Hand Activity Inventory, Motor Activity Log, and Reintegration to Normal Living Index in this study. However, this study targeted late chronic stage patients who were trained for ADL through compensatory method. Therefore, chronic stage patients would be affected. As shown in this study, the association between the grip and pinch strengths and the K-MBI score decreased with the progression of disease from chronic stage (rehabilitation was completed and ADL was possible) to late chronic stage. This result is in consistent with results of a previous study [24] .
There are several limitations of this study. First, as a retrospective study, effective factors such as the type and intensity of occupational therapy and patient participation were not considered. We only measured grip and pinch strengths. Other than muscle strength, no data for assessing functions and stroke severity were obtained. In particular, cognitive and sensory factors that could affect ADL independence were not completely excluded [25] . Second, since patients could obtain 20 or more in the score of MMSE-K, a two-step command was used in this study. Patients with severer stroke could be excluded in the future. Third, the investigated grip and pinch strengths were not compared to data of the same-age healthy Korean population. In addition, we did not use assessment tool such as Edinburgh Handedness Inventory to determine the handedness, althouth such method is widely used for studies in stroke patients. Instead, occupational therapists reported the handedness of patients according to previous preference and present performance in daily tasks including writing, using chopsticks, and brushing. Because handedness could have influence on grip/pinch strength, more precise determination of dominance using Edinburgh Handedness Inventory is needed in future studies to compare right/left side in stroke patients.
In conclusion, for subacute stage stroke patients, ADL performance of the right hemiplegic patients was associated with the preserved muscle strength of the 'affected side' (affected dominant hand) and 'relatively unaffected side' (nondominant hand). In ADL performance, the role of the dominant hand was thought to be important after stroke. Left hemiplegic patients with affected nondominant hand have 'relatively unaffected side' . They could perform ADL well with the dominant hand whose muscle strength and functions were not severely deteriorated. The muscle strength of the 'affected side' (nondominant hand) could partly affect activities that require both hands. The correlation between the grip and pinch strengths and ADL performance decreased with stroke progressed to late chronic stage. ADL tended to be affected by the recovery in muscle strength of the 'affected side' regardless whether the dominant hand is affected.
